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Abstract
In 2021, a new set of thirty-year climate normals replaced the previous set. This study
set out to quantify some of these changes, speciﬁcally precipitation in the state of
Alabama between the 1981 - 2010 and 1991 - 2020 thirty-year normals as well as
one-month, three-month, and one-year scales over the entire 1981 - 2020 period. This
study determined that, while there are no statistically signiﬁcant differences between
both sets of thirty-year climate normals, there were statistically signiﬁcant changes that
occurred over the forty years studied: speciﬁcally, one-month precipitation totals
increased for April and August and three-month totals increased for the three month
periods centered on July and August.

Introduction
Precipitation patterns and shifts can be diﬃcult to identify and quantify due to short
term variability. Yet, the effects of extreme events are unmistakable. Such is the case in
Alabama, which, in 2020, received precipitation 23% greater than the 30-year averages.
While this recently recorded rainfall hangs near the forefront of public consciousness,
longer periods of analysis are needed to determine if it was a ﬂuke or herald of climatic
change.
While studies analyzing climatic shifts in precipitation are certainly not rare, they
are infrequently conducted on such a small spatial and temporal scale. For example
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(Easterling et al., 2017) evaluated changes over the contiguous United States over a
period of 115 years (1901 - 2015), resulting in much larger spatial and temporal scales
than this study, which evaluated a single state over a 40 year period. Additionally, most
studies do not seek to purely quantify precipitation patterns, but also evaluate causal
relationships between them and other atmospheric phenomena (Diem, 2013)
(Rajagopalan & Lall, 1998). While these studies evaluated areas on a scale much closer
to the state of Alabama (8,000 and 80,000 sq miles respectively, compared with 52,000
for the state of Alabama), they did so in the context of evaluating the impacts of speciﬁc
atmospheric phenomena on rainfall patterns over their selected regions.
This paper evaluated precipitation changes in Alabama over a 40 year period
from 1981 - 2020 using rainfall depth rasters calculated at a monthly frequency as an
input. Paired t-tests were used to identify signiﬁcant changes between the 1981 - 2010
and 1991 - 2020 periods and the Mann-Kendall trend test was used to identify
signiﬁcant changes occurring over the length of the forty-year period. This paper also
directly addresses and discusses “extreme” values in the dataset, for example the three
wettest and driest years within the period.

Data
This paper used precipitation data from PRISM climate group at Oregon State University,
speciﬁcally their “Recent Years” dataset, which currently extends from 1981 through
2020. This dataset was used to simplify the process of determining average rainfall for
the state by using a continuous dataset that accounted for spatial and temporal gaps in
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precipitation records. The chosen rasters had a spatial resolution of 4 kilometers and
represented precipitation depth in millimeters. Each raster consists of one month of
rainfall, created by summing modeled daily rainfall values. These daily values used
station records of rainfall and interpolated them over to create continuous rasters over
the entire continental United States from 1981 to 2001. Beginning in 2002, radar
precipitation estimates were also incorporated into areas east of the Rocky Mountains
(Descriptions of, 2019 p. 7). While this data was generated with an emphasis on
accurate estimations, it is not perfect. Changes in recording equipment as well as new
stations coming online and old ones going oﬄine all result in changes to the data that
are not due to actual climatic occurrences (Descriptions of, 2019 p. 8). While this is a
limitation of this paper, it is practically unavoidable when using non-point data over an
area and time frame of this scale. This paper also used a shapeﬁle of Alabama obtained
from the US Census Bureau to mark the spatial extent of the precipitation data.

Methods
The previously mentioned rasters were processed using Python, an open source
programming language. While Python can be a bit limiting on its own, packages can be
imported and used to vastly expand its capabilities, as was done in this case. The
speciﬁc packages this project used were NumPy, Pandas, Fiona, Rasterio, and
Pymannkendall. This project uses Python version 3.6.13 as this is the most recent
release that works with all of these packages.
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Fiona was used to import the Alabama shapeﬁle, and Rasterio was used to open
each raster and then mask each raster to the Alabama shapeﬁle, removing all data
outside of the chosen study area. Each masked raster was then converted to a
two-dimensional NumPy array and stacked to form a three-dimensional NumPy array.
Each layer in this stack was averaged across the x and y axis, which caused each layer
to represent the average precipitation depth per month over the entire state.
Precipitation depth was converted from millimeters to inches and rounded to the
nearest eighth of an inch. Next, these values were condensed to a 1D NumPy array and
converted to a table using Pandas. This project used Pandas resampling techniques to
get tables for annual average precipitation as well as 3-month rolling totals from the
initial monthly data.
The data in these tables was then evaluated to determine if the changes in
precipitation were statistically signiﬁcant. This was done by comparing the 30-year
average precipitation totals of each month, year, and 3-month rolling totals) using a
paired t-test. Paired t-tests are a common metric used to evaluate changes in a
population before and after a change occurred (Xu, Fralick, Zheng, Wang, Tu, & Feng,
2017, p. 184), which is what was done here. All t-tests used a signiﬁcance level of 95%
(p = 0.05), which was consistently not met. Thus, these differences will not be
discussed in this paper.
The Kendall-Manning test was used to evaluate whether trends in precipitation
were signiﬁcant across the 40 years of precipitation data addressed in this paper. This
test was used as it requires few inputs and does not require linear datasets, which
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makes it appropriate for precipitation data. Trends were evaluated for one-month and
three-month rolling precipitation totals as well as annual totals. Only statistically
signiﬁcant changes with a signiﬁcance level of at least 95% are speciﬁcally discussed.

Results & Discussion
Annual
While there is an average increase of 10.25” of annual precipitation over the 40-year
period, this change is not statistically signiﬁcant. The Kendall-Manning test returned a
conﬁdence level just below the 95% conﬁdence threshold (p = ~0.06). However; one
thing to note about the annual data is that the driest and wettest ﬁve year periods occur
near the ends of the 40-year period. The driest ﬁve year period had an average annual
precipitation of 48.30” and spanned 1984 - 1988 and the wettest ﬁve year period had an
average annual precipitation of 62.90” from 2016 - 2020. These periods were 8.30”
below and 6.30” above the 40-year annual average of 56.60” respectively. Interestingly,
while two of the three years with the highest annual precipitation totals fell within the
wettest ﬁve-year period, none of the three lowest annual totals fell within the driest
ﬁve-year period.
When looking at the precipitation plot (Figure 1, below), a pattern emerges across
the decades. The ﬁrst ten years in the time series (1981 - 1990) is ~3.50” below the 40
year average and the last (2011 - 2020) are ~3.50” above the 40 year average. In
contrast to these bookend decades, 1991 - 2000 averaged only ~1.00” below the 40
year average and 2001 - 2010 was right at the average. Both periods of 30 year normals
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share the 20 years of near-average rainfall, but do not share the ten year periods most
above and below the average. The result of this is that each trio of decades falls in the
best location to maximize the difference between them, potentially exaggerating the
actual change over the period.
Over the forty years covered by this study, annual rainfall ranged from as low as
38.98” to 75.88”. What is interesting about this is that these extremes occured only two
years apart, in 2007 and 2009. The low rainfall in 2007 occurred due to a very dry start
to the year, when one of the wettest periods normally occurs. During the ﬁrst half of the
year, only 53% of the 40-year average of 30.00” of precipitation was recorded. The rest
of the year was much closer to the average, with 83% of the usual 27.00”. The second
driest year, 2000, also had a dry start with 70% of the 40-year average in the ﬁrst half of
the year; however the second half of 2000 was slightly drier than that of 2007, with only
77% of normal precipitation. Unlike these two years, which both experienced below
average precipitation in February, March, and December -- typically three of the wettest
months, 1981 had above average precipitation. Though this was not enough to
counteract a dry summer and late fall, as well as the driest January over the 40-year
period. The high rainfall amounts seen in 2009 were actually preceded by a dry start,
with below average rainfall in January and February. The following year made up for the
dry start, with May, September, October, and November recording at least twice their
40-year average precipitation, resulting in a 75.88” total. Unlike 2009, 2020 had a much
wetter start, with precipitation totals above the 40-year average in the ﬁrst four months
of the year. This included the wettest February over the period and third wettest April.
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The ﬁnal two months of the year experienced below average precipitation; however,
2020 still ranked as the second wettest year at 71.13”. Much like 2009, 2018 had a dry
start, with below average rainfall in January and March. In fact, January of 2018 tied for
the third driest over the forty-year period. The rest of the year was near to above
average, which led to an annual total of 68.63”.

One Month
While most months showed a change in average precipitation totals over the 40-year
period, few changes were found to be signiﬁcant. The Kendall-Manning test determined
that only April and August had statistically signiﬁcant increases over the period, with
conﬁdence values well above 95% (p = 0.038 and p = 0.001 respectively). These
correlated with increases in monthly precipitation totals of 2.75” in April and 2.25" in
August over the 40 year period (Figure 2, below).
Over the forty years covered by this paper, Alabama most frequently experienced
its driest month of the year during late summer and early fall (August, September or
October). The driest month did vary and, during the time frame covered by this study,
every month aside from February and December was the driest of the year at least once.
The wettest month proved more varied. The most frequent times were in early winter
(December), late winter (February and March), and even midsummer (July). Every month
was the wettest month of the year at least once (Figure 3, below).
Between the ﬁrst and second 30-year periods covered in this study, there are a
few differences in rainfall timing across the year (Figure 2, below). The ﬁrst is that the
minimum that follows the late winter precipitation in February and March occurs in May
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rather than April. This is due to April being wetter rather than May being drier. Another
change is that, thanks to increased rainfall in August, the decline in rainfall from
midsummer to early fall is less precipitous. The ﬁnal change is that the increase in
precipitation during late fall and early winter is more pronounced due to November
being drier and December being wetter, though this decrease and increase were not
found to be statistically signiﬁcant over the period.
Something interesting to note about the most extreme monthly precipitation
totals --speciﬁcally the three wettest and three driest months over the 40 year period
(Table 1, below)-- is that while they were likely to occur with well above or well below
average annual totals, they were unlikely to occur with the three highest and lowest
annual precipitation totals over the period. Of the four monthly minimum values (four as
there was a tie for the second lowest month), all but one occurred during a below
average year. The exception to this was September of 2019, which recorded less than
an inch of rainfall during an otherwise average year. On the other hand, all three of the
highest monthly totals occurred during above average years. Furthermore, the second
highest monthly total, 11.25" in December of 2009, occurred during the wettest year in
the 40 year period. This was the only one-month extreme that occurred within one of the
three wettest or driest years.

Three Month
When evaluating three-month rolling totals over the 40 year period from 1981 - 2020, the
months of July, August, and September were found to have had statistically signiﬁcant
increases in precipitation (p=0.022, p=0.05, and p=0.028, respectively) using the
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Mann-Kendall test. This correlated with precipitation increases of 4.50" in July and
September and 4.00" in August over the 40 year period (Figure 4, below).
Much like the one-month analysis, the three-month analysis showed that
Alabama’s driest three-month periods most frequently occur in the late summer and
early fall (September, October, and November) (Figure 5, below). However, in contrast to
the one-month analysis, the wettest periods were more consistent and occurred during
winter, from December to February. There is a simple reason proposed for this change:
January’s three-month total includes December and February, which are typically two of
the wettest months, counteracting the less impressive precipitation in January.
Additionally, June and August rarely have high precipitation totals in the same year,
which counteracts July’s relatively high totals. Every three-month period was the driest
of the year at least once, except for February, and every three-month period was the
wettest of the year at least once, except for September.
Between the 1981 - 2010 and 1991 - 2020 periods, there are some changes to
note in the three-month rolling totals across the year (Figure 4, above). Unlike the
changes that occurred at the one-month scale, there is no temporal shift in the
minimum following the wet winter and spring, though the 1991 - 2020 period is wetter
during this time. This change is due to increased three-month totals in May. Much like
the single-month changes, precipitation in the mid-to-late summer months is increased
for the later thirty year period; however, it also experiences a later annual minimum,
occurring in October rather than September. This is due to increased precipitation in late
summer rather than a decrease in the early fall.
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Now this paper will discuss extreme three-month precipitation totals for the state
of Alabama (Table 2, below). The driest, the 4.13” total for September, October, and
November of 2016 is the least interesting of the three. This, of course, is because
October of 2016 was the driest single month over the time period and occurs during the
typical annual precipitation minimum. The second driest total, 5.75" across August,
September, and October of 1990 is a bit more unusual. While neither the timing nor the
amount are not particularly notable, the fact that it occurred in the same year as the
highest three-month total over the 40 year period (25.38” across January, February, and
March of 1990) is quite notable, as is the fact that 1990 was within 5% of the 40 year
average annual precipitation totals. This year illustrates the importance of rainfall timing
as heavy rains in the start of the year led to deadly ﬂooding while the dry summer led to
severe water shortages (May, 1990). The ﬁnal extremely dry three-month period
occurred from March to May of 2007, which is usually only a small dip between the wet
winter and early summer. This was also during the driest year in the 40 year period,
when Alabama only received 2/3s of its normal rainfall. The wettest three-month period
over the 40 year, January, February, and March of 1990 was already discussed alongside
the dry months as it occurred alongside the second-driest three-month period. The
second wettest period, 24.88” in May, June, and July of 2003, is not very remarkable as
Alabama experiences a minor peak in rainfall around this time. Finally, the third wettest
three-month period is a tie between December of 2019, January of 2020, and February
of 2020 and February, March, and April of 2020 at 24.13”. This tie is due to the fact that
the ﬁrst four months of 2020 consistently experienced precipitation above the 40 year
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average and that February of 2020, which both three-month periods share, totaled
10.25” of precipitation, the ﬁfth highest one-month total over the 40 year period. This
wet start to the year contributed to 2020 being the second wettest year over the period.

Conclusion
While this paper did not ﬁnd statistically signiﬁcant differences between the 1981 - 2010
and 1991 - 2020 average precipitation over Alabama, it did determine that statistically
signiﬁcant increases in April and August occurred, as well as three-month averages
taken over mid-to-late summer. The increases in April are signiﬁcant as corn is often
planted during this time in Alabama (Usual planting, 1997, p. 32). and increased rainfall
could force farmers to decide between to either delay planting dates or continue with
usual operations, which can compress soggy soils (Al-Kaisi, M & Hanna, M., 2005).
Increased rainfall during mid-to-late summer, typically the driest time of the year, could
prove beneﬁcial by reducing the need to irrigate crops harvested late in the year, like
peanuts, cotton, sorghum, and soybeans (Usual planting, 1997, p. 32). However, this
increased rainfall could also prove harmful during this time as it can encourage crop
diseases (Kesheimer 2021) While the results of this paper are certainly meaningful for
the scope of Alabama as a whole, future research into precipitation impacts on even
smaller scales would certainly help to shine a light on areas that may have a greater
magnitude or different sign of precipitation change.

Figure 2: Annual precipitation by month for each 30 year period overlaying statistically
significant changes in monthly precipitation totals

Figure 3: Instances of each month having the highest or lowest precipitation total for
that year.

Table 1: Chart of monthly precipitation totals; the greatest value of each year is colored dark
green and the smallest value of each year is colored deep red with the values in between scaled.
Multiple occurrences of highest and lowest values within a given year will also be highlighted with
their respective colors.

Figure 4: Annual precipitation by three month rolling total for each 30 year period
overlaying statistically significant changes in three month rolling precipitation totals

Figure 5: Instances of each three month total having the highest or lowest precipitation
total for that year.

Table 2: Chart of three month rolling precipitation totals; the greatest value of each year is
colored dark green and the smallest value of each year is colored deep red with the values in
between scaled. Multiple occurrences of highest and lowest values within a given year will also
be highlighted with their respective colors.
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